AP® STATISTICS 
2007 SCORING GUIDELINES 


Question 1 


Intent of Question 


The goals of this question are to assess a student’s ability to: (1) explain how a commonly used statistic measures 
variability; (2) use a graphical display to address the research question of interest in a simple comparative 
experiment; and (3) use a confidence interval to make an appropriate inference. 


Solution 


Part (a): 


Roughly speaking, the standard deviation (s es 141) measures a “typical” or “average” distance between 


the individual discoloration ratings and the mean discoloration rating for the strawberries in the control group. 
Part (b): 


The preservative does appear to have been effective in lowering the amount of discoloration in strawberries. 
The discoloration ratings for the strawberries that received the preservative, shown in the top dotplot, are 
clearly centered at a value that is lower than the center of the discoloration rating distribution for the control 
group, shown in the bottom dotplot. In addition, the dotplots can be used to find all five statistics in the five- 
number summary (min, Q1, median, Q3, and max) for both groups. In fact, four of the five statistics (the 
maximum is the only exception) are lower for the strawberries that received the preservative. 


Part (c): 


Since zero is not contained in the 95 percent confidence interval for the difference “4. — ,, we can conclude 


that there is a significant difference between the mean ratings for the two groups at the @ = 0.05 level. The 
population mean discoloration rating for untreated strawberries is estimated to be between 0.16 and 2.72 units 
higher than the population mean discoloration rating for treated strawberries. Thus, we think there would be a 
difference in the population mean discoloration ratings for treated and untreated strawberries. 


Scoring 


Parts (a), (b), and (c) are scored as essentially correct (E), partially correct (P), or incorrect (I). 


Part (a) is scored as essentially correct (E) if the standard deviation is interpreted correctly in the context of this 
experiment. 


Part (a) is scored as partially correct (P) if: 
a standard textbook description of the standard deviation is provided without any reference to context, e.g., 
the standard deviation is described as the square root of an average squared deviation, or a “typical” or 
“average” deviation from the mean; 
OR 
the student provides evidence that the distribution of discoloration ratings in the control group is 
approximately normal, then correctly applies the 68-95-99.7 rule. 
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Question 1 (continued) 


Part (a) is scored as incorrect (I) if: 
the formula for the standard deviation is copied from the formula sheet and no further explanation is 
provided; 
OR 
the student uses the 68-95-99.7 rule without justifying that the distribution of discoloration ratings in the 
control group is approximately normal. 


Part (b) is scored as essentially correct (E) if the student indicates that the preservative appears to be effective 
and explicitly links this decision to comparison of a characteristic of relative standing from the dotplots for the 
two groups. 


Part (b) is scored as partially correct (P) if: 
the student says that the preservative appears to be effective because the discoloration ratings appear to be 
lower for the treatment group, but the student does not explicitly link this decision to comparison of a 
characteristic of relative standing for the two groups; 
OR 
the student correctly compares one or more characteristics of relative standing for the two groups but never 
states that the preservative was effective in lowering discoloration. 


Part (b) is scored as incorrect (I) if: 
the student says that the preservative is not effective because the centers of the two distributions are roughly 
the same; 
OR 
the student says that the preservative is effective, with incorrect or no justification. 


Part (c) is scored as essentially correct (E) if the student indicates that zero is not included in the confidence 
interval, so there is a difference (in population means), AND states the conclusion in the context of this 
experiment. 


Part (c) is scored as partially correct (P) if: 
the student indicates that zero is not included in the confidence interval, so there is a difference (in population 
means), but does not state the conclusion in the context of this experiment; 
OR 
the student correctly interprets the 95 percent confidence interval in context and indicates that there is a 
difference (in population means), without indicating that zero is not included in the confidence interval. 


Part (c) is scored as incorrect (I) if the student concludes that the preservative is not effective OR says that no 
conclusion can be made based on the confidence interval, OR the student states a conclusion that refers to sample 
means instead of population means. 


Notes: 
e The student is not required to specify the significance level in part (c), but if it is specified, it must be 
correct. 
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Question 1 (continued) 


An adjustment could be made to formally conduct a one-sided test, but in general, confidence intervals 
are used to conduct two-sided tests. The fact that the lower endpoint of the confidence interval is positive 
does provide evidence that the preservative is effective in lowering the amount of discoloration in 
strawberries. The correct formal statement is: The 97.5 percent lower confidence bound for the difference 
in the means is above zero (0.16), so at the 0.025 level we would conclude that the mean rating for the 
treated berries is significantly lower than the mean for the untreated strawberries. 
4 Complete Response 

All three parts essentially correct 
3 Substantial Response 

Two parts essentially correct and one part partially correct 


2 Developing Response 


Two parts essentially correct and no parts partially correct 


OR 
One part essentially correct and two parts partially correct 
OR 
Three parts partially correct 
1 Minimal Response 
One part essentially correct and either zero or one part partially correct 
OR 


No parts essentially correct and two parts partially correct 
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STATISTICS 
SECTION II 
Part A 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


1. The department of agriculture at a university was interested in determining whether a preservative was effective 
in reducing discoloration in frozen strawberries. A sample of 50 ripe strawberries was prepared for freezing. 
Then the sample was randomly divided into two groups of 25 strawberries each. Each strawberry was placed 
into a small plastic bag. 


The 25 bags in the control group were sealed. The preservative was added to the 25 bags containing strawberries 
in the treatment group, and then those bags were sealed. All bags were stored at 0°C for a period of 6 months. At 
the end of this time, after the strawberries were thawed, a technician rated each strawberry’s discoloration from 
1 to 10, with a low score indicating little discoloration. 


The dotplots below show the distributions of discoloration rating for the control and treatment groups. 


Treatment 


Control 





12 3 4 5 6 
Discoloration Rating 


(a) The standard deviation of ratings for the control group is 2.141. Explain how this value summarizes 
variability in the control group. 


The average distance fram the mean. 
digtologaTNaN RATING IS 2.141 ite Conmol QRaLp. 


GO ON TO THE NEXT PAGE. 
-6- 
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_(b) Based on the dotplots, comment on the effectiveness of the preservative in lowering the amount of 
: discoloration in strawberries. (No calculations are necessary.) 


— The peeserevative wasfairety effecnve in 
Loweaingtne amounr of disco laganon 
pecause the mean Rating of the teeatment 
GROLP —5. lle ~ ae ihe ea li (uy 

—OROWP - b.Ao— \Wndican Was Qeneaailt 
Res discov aS soethemed ian ofthe 

— peesepianve GROLP Was 5, WhiCh Was less 
dnan tne median ofthe connzol gra1p-7. 


(c) Researchers at the university decided to calculate a 95 percent confidence interval for the difference in mean 
discoloration rating between strawberries that were not treated with preservative and those that were treated 
with preservative. The confidence interval they obtained was (0.16, 2.72). Assume that the conditions 
necessary for the t-confidence interval are met. 


Based on the confidence interval, comment on whether there would be a difference in the population mean 
discoloration ratings for the treated and untreated strawberries. 


Theze WNO\\d be a difference inthe poPpUulanm 
mean diScadloe@anion ranngs for the rieeacecl 
¢ unTeeaTed STéawbeeFies because We are 
as, conadent that the diffeeence 1S 
between -loandZ72 jindicanng4 aifrereence 
Wchne rieans because zee iSNoT Within 
ANS inTeeval. 


GO ON TO THE NEXT PAGE. 
{Fs 
©2007 The College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents). 


1B1 


STATISTICS 
SECTION II 
Part A 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


1. The department of agriculture at a university was interested in determining whether a preservative was effective 
in reducing discoloration in frozen strawberries. A sample of 50 ripe strawberries was prepared for freezing. 


Then the sample was randomly divided into two groups of 25 strawberries each. Each strawberry was placed 
into a small plastic bag. 


The 25 bags in the control group were sealed. The preservative was added to the 25 bags containing strawberries 
in the treatment group, and then those bags were sealed. All bags were stored at 0°C for a period of 6 months. At 


the end of this time, after the strawberries were thawed, a technician rated each strawberry’s discoloration from 
1 to 10, with a low score indicating little discoloration. 


The dotplots below show the distributions of discoloration rating for the control and treatment groups. 


Treatment 
eesece 


Control 





° 
r 
4 
e 
8 


123 45 67 
Discoloration Rating 


(a) The standard deviation of ratings for the control group is 2.141. Explain how this value summarizes 
variability in the control group. 


The Standard dOrGkhN FS G megsuce oe tre AYPIOD Amount oy 
WAG Oda Vories fromm 4he  meon. 


Distevdootons Gott Mghax StoNdond daoiotrens exhibit gro dee 
VOR Ohron “ron Those vLORW lQwer SkONA ORL AVOLOAIONS 


Cstord 00d AWD = Wvanonts ) 


GO ON TO THE NEXT PAGE. 
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(b) Based on the dotplots, comment on the effectiveness of the preservative in lowering the amount of 
discoloration in strawberries. (No calculations are necessary.) 


While Ane weralr canes. for 4+ne Bok of Tho FRGEMEnr Grove 
\s Greaker Anon A Faroe “Far ARR Nhe Ol grwe, Ts GB oonty becouse 
tha mraximgM Ved S+qurd Wt SOM (max =O) Yorke AW emiaimom 


Nehre dacregsedicnan =i); the S a Mohican Ahot Ahye 15) sano 
IMO CODENNANE., 


In gdasean, beth the moan and FR median Jaluos 
Coc 


WHR tetokent grove wee Bui Yoon Ahal cores ponding 


Yauues for Ake cmbrot GOVP. Louser TORUGS Cor ArvSUsle eakign 
RRA AMPCOVERREAK, with the Toeatnont 


(c) Researchers at the university decided to calculate a 95 percent confidence interval for the difference in mean 
discoloration rating between strawberries that were not treated with preservative and those that were treated 


with preservative. The confidence interval they obtained was (0.16, 2.72). Assume that the conditions 
necessary for the t-confidence interval are met. 


Based on the confidence interval, comment on whether there would be a difference in the population mean 
discoloration ratings for the treated and untreated strawberries. 


Bacon O&O vabor OF O 1S Ak Comtamad LilHIN AW inkenoad, 
WL AN assume Wok there would be A ATEN™ WM AL PoPUtody 


Prec AALOVECRELN TOKMOS or Ae Areoded Gad UAE aGRRH 
SWANS arti SU ConPidanth- 


GO ON TO THE NEXT PAGE. 
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STATISTICS 
SECTION II 
PartA 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


1. The department of agriculture at a university was interested in determining whether a preservative was effective 
ir reducing discoloration in frozen strawbemies. A sample of 50 ripe strawberries was prepared for freezing. 
hen the sample was randomly divided into two groups of 25 strawberries.each, Each strawberry was placed 
into a small plastic bag. 


The 25 bags in the control group were sealed. The preservative was added to the 25 bags containing strawberries 
in the treatment group, and then those bags were sealed. All bags were stored at 0°C for a period of 6 months. At 
the end of this time, after the strawberries were thawed, a technician rated each strawberry’s discoloration from 


1 to 10, with a low score indicating little discoloration. 


The dotplots below show the distributions of discoloration rating for the control and treatment groups. 


Treatment 


Control 





CO+ 8000 


1234567 10 \ar 


Discoloration Rating 


(a) The standard deviation of ratings for the control group is 2.141. Explain how this value summarizes 
variability in the control group. 


‘The Standard deviation of ZIM ig the measore 
of the variability of the observations away fron 
the Mean, discoloration TATNG oF G.G. 


GO ON TO THE NEXT PAGE. 
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(b) Based on the dotplots, comment on the effectiveness of the preservative in lowering the amount of 
discoloration in strawberries. (No calculations are necessary.) 


Based on tha dotplots, tne mean discoloration 
fOHINOy of the Treatment arovP of strawberries 'S 
lower than thar of the control QrowP- The 


Medion of the treatment Acovp is lower as well 


| 
wrth a edian of five , Whareag the SCENTS 
Arovr hag a median of seven. For me 


treo Mer arou > ) the middle SO%o of The data. Wes 


bejyween 3-5 and @:3 and the middie BO% of the 
data from the controvasour Wes bere B.S an B, 
Baged on the dota, whe Areatmenrnk 1¢ tater eWechve 


IND Jowweling the omourtr of disloloration. 


(c) Researchers at the university decided to calculate a 95 percent confidence interval for the difference in mean 
discoloration rating between strawberries that were not treated with preservative and those that were treated 
with preservative. The confidence interval they obtained was (0.16, 2.72). Assume that the conditions 
necessary for the t-confidence interval are met. 


Based on the confidence interval, comment on whether there would be a difference in the population mean 
discoloration ratings for the treated and untreated strawberries. 


\ 


Kased om tne conmbictence inferno \ , thare. woot be ow 
diserence in tre Popviatrom Mean Vscotol PON cachnas, 
for Je. 4reode cf ana once nt a Stravdtwe)e Fre § SInce. 


tho copfide nce Oterval dors NOT Contain ZErd, 


GO ON TO THE NEXT PAGE. 
oa 
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Question 1 
Overview 


The goals of this question were to assess students’ abilities to: (1) explain how a commonly used statistic 
measures variability; (2) use a graphical display to address the research question of interest in a simple 
comparative experiment; and (3) use a confidence interval to make an appropriate inference. 


Sample: 1A 
Score: 4 


In part (a) the response gives a clear, concise explanation of the standard deviation in context. In part (b) the 
response provides a comparison of two measures of center, mean, and median, as justification for the 
effectiveness of the preservative. Note that the incorrect value of the control group mean (6.36 instead of 6.6) was 
viewed as a minor error since the problem specifies that no calculations are necessary. In part (c) the response 
demonstrates sound inferential reasoning about the difference in population means based on the 95 percent 
confidence interval, which does not include zero as a plausible value. 


Sample: 1B 
Score: 3 


The response correctly defines the standard deviation in part (a) as “the typical amount by which data varies from 
the mean” but fails to include context. In the first sentence of part (b) the response suggests that the lower 
minimum discoloration rating in the treatment group gives evidence of “some improvement” due to the 
preservative. (This weak argument is enhanced by the subsequent comparison of the mean and median ratings in 
the two groups as justification for the preservative’s effectiveness.) In part (c) the response makes a clear, correct 
conclusion about the difference in population means using the confidence interval provided. 


Sample: 1C 
Score: 2 


The response’s comment about standard deviation in part (a) doesn’t go far enough in clarifying that standard 
deviation measures the typical or average distance of the observations from the mean discoloration rating. In part 
(b) the response provides three valid comparisons of characteristics of relative standing for the treatment and 
control groups as evidence for the effectiveness of the preservative. The efficient response in part (c) conveys an 
understanding of the link between zero not being in the confidence interval and the difference in population mean 
discoloration ratings for treated and untreated strawberries. 
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